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Abstract--The next chapter in NASA's history also
promises to write the next chapter in America's history, as
the Agency makes measurable strides toward developing
new space transportation capabilities that wi!! put
astronauts on course to explore the Moon as the next giant
leap toward the first human footprint on Mars. This paper
will present top-level plans and progress being made
toward fielding the Ares I crew launch vehicle in the 2013
timeframe and the Ares V cargo launch vehicle in the
2018 timeframe. It also gives insight into the objectives
for the first test flight, known as the Ares I-X, which is
scheduled for April 2009. The U.S. strategy to
scientifically explore space will fuel innovations such as
solar power and water recycling, as well as yield new
knowledge that directly benefits life on Earth. For the
Ares launch vehicles, NASA is building on heritage
hardware and unique capabilities; as well as almost 50
years of lessons learned from the Apollo Saturn, Space
Shuttle, and commercial launch vehicle programs. In the
Ares I Project's inaugural year, extensive trade studies
and evaluations were conducted to improve upon the
designs initially recommended by the Exploration
Systems Architecture Study, resulting in significant
reduction of near-term and long-range technical and
programmatic risks; conceptual designs were analyzed for
fitness against requirements; and the contractual
of 2006--the first such engineering milestone for a
human-rated space transportation system in over 30 years.
With well-defined requirements for vehicle and mission
perfo_ance, the project team now turns its focus to the
System Design Review, scheduled for fall 2007, and the
Preliminary Design Review, scheduled for 2008. Taking
into consideration the f'mdings of the SRR, the design of
the Ares I is being successively refined to meet the safety,
operability, reliability, and affordability goals outlined by
the Constellation Program. Currently, the Exploration
Launch Projects team--which is a nationwide
Government and industry partnership managed from
NASA's Marshall Space Flight Center--is testing engine
components, performing wind tunnel tests, and building
hardware for the Ares I-X flight test mission. The heavy-
lift Ares V is in the early design stage, focusing its
activities on requirements validation and ways to develop
this cargo system so that synergistic hardware
commonality between it and the Ares I can reduce the
operational footprint and foster sustained exploration
across the decades ahead. The Exploration Launch
Projects Office is dedicated to fostering a learning culture
and implementing lean processes in the design stage to
create a streamlined manufacturing and operations phase
............................. more of its limited
resources on the scientific exploration that launch
£ .......... ] .... _. _i_1_-I .... 1 i_ _ _I .... 1 • t_t"
,_nm_wu_r_was n_b_mmet_to ename a oeveiopmem e_Iort vehicles empower. The Ares i and V launch vehicles are
unparalleled in American space flight since the Space keys to opening the door to the new frontier for the
Shuttle. The Exp!oration Lw_nch Projects team completed continued ..... aq ,,u_s,,_t of s,,aoe endeavors which
the Ares I System Requirements Review (SRR) at the end promises tobenefit humanity around the globe.
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Abstract--The National Aeronautics and Space
Administration (NASA) is developing new space
transportation capabilities to send astronauts to the Moon,
Mars, and beyond. This paper presents plans and progress
toward fielding the Ares I and Ares V vehicles, as well as
the Ares I-X test flight in 2009. NASA is building on new
capabilities and lessons learned from almost 50 years of
experience. The Ares Projects team completed the Ares I
System Requirements Review (SRR) in 2006, and will now
focus on the System Definition Review in fall 2007 and the
Preliminary Design Review in 2008. Ares I is being refined
to meet safety, operability, reliability, and affordability
goals. The Ares team is testing Ares I elements and building
hardware for Ares I-X. Ares V is in the early design stage,
with the team validating requirements and ensuring
commonality with Ares I. Ares I and V are keys to opening
the space frontier for peaceful endeavors.
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exploration mission [1]. Since that Study concluded, the
team has performed extensive vehicle analyses that have
been used to refine original recommendations made by the
ESAS and that resulted in hardware commonality decisions
to reduce technical, schedule, and budget risk.
Following the Global Exploration Strategy and based on the
ESAS recommendations, NASA will retire the Space
Shuttle in 2010 and replace it with safe, reliable, and cost-
effective space transportation systems for crew and cargo
travel to the Moon, Mars, and beyond. The Ares I crew
launch vehicle that lofts the Orion crew exploration vehicle
into orbit next decade is an in-line configuration with a
Space Shuttle legacy 5-segment Reusable Solid Rocket
Booster (RSRB) as the first stage and a new upper stage
powered by a J-2X engine, an evolution from the J-2 engine
used to power the upper stages of the Apollo Program's
Saturn IB and Saturn V, as shown in Figure 1.
1. ARES PROJECT INTRODUCTION
Program and Vehicle Background
The next chapter in NASA's history also promises to write
the next chapter in America's history, as the Agency makes
measurable strides toward developing new space
transportation capabilities. Since 2004, NASA has been
designing and building the next generation of vehicles to
enable human exploration of the Moon, Mars, and other
destinations in the solar system.
For the Ares launch vehicles, NASA is building on heritage
hardware and unique capabilities, as well as almost 50 years
of lessons learned from the Apollo Saturn, Space Shuttle,
and commercial launch vehicle programs.
The Exploration Systems Architecture Study (ESAS),
completed i-n 2005, established the high-level requirements
(including design reference missions) for the launch
vehicles and spacecraft necessary to fulfill NASA's
Figure 1 - Ares I Crew Launch Vehicle.
The heavy-lift Ares V cargo launch vehicle, seen in Figure
2, also builds on legacy hardware, consisting of two RSRBs
and a Saturn-class core propulsion stage with five
expendable RS-68 engines. Late next decade, the Ares V
Earth departure stage, also powered by the J-2X engine, will
carry the lunar lander to orbit to rendezvous with Orion and
initiate the trans-lunar injection (TLI) burn that sends Orion
and the lunar lander toward the Moon. When the spacecrafts
arrive in lunar orbit, the crew will transfer to the lunar
lander, which will transport them to and from the Moon's
surfacewhile the Orionvehiclewaits in orbit. After
completingtheirmission,theastronautswill returnto the
OrioncrewmoduleforthereturntriptoEarth.
Figure 2 - Ares V Cargo Launch Vehicle.
In the Ares I Project's inaugural year, extensive trade
studies and evaluations were conducted to improve upon the
designs initially recommended by the ESAS, resulting in
significant reduction of near-term and long-range technical
and programmatic risks; conceptual designs were analyzed
for fitness against requirements; and the contractual
framework was assembled to enable a development effort
unparalleled in American space flight since the Space
Shuttle.
The Ares Projects team completed the Ares I System
Requirements Review (SRR) at the end of 2006---the first
such engineering milestone for a human-rated space
transportation system in over 30 years. With well-defined
requirements for vehicle and mission performance, the
project team now turns its focus to the System Design
Review, scheduled for fall 2007, and the Preliminary Design
Review, scheduled for 2008. Taking into consideration the
findings of the SRR, the design of the Ares I is being
successively refined to meet the safety, operability,
reliability, and affordability goals outlined by the
Constellation Program.
Currently, the Ares Projects team--which is a nationwide
Government and industry partnership managed from
NASA's Marshall Space Flight Center--is testing engine
components, performing wind tunnel tests, and building
hardware for the Ares I-X flight test mission. The heavy-lift
Ares V is in the early design stage, focusing its activities on
requirements validation and ways to develop this cargo
system so that synergistic hardware commonality between it
and the Ares I can reduce the operational footprint and
foster sustained exploration across the decades ahead.
With the nation's strategic goal of returning humans to the
Moon for scientific exploration and preparing to place
astronauts on Mars, APO has analyzed its business practices
extensively to adapt them to the current design phase. For
example, APO is dedicated to fostering a learning culture
and implementing lean processes in the design stage to
create a streamlined manufacturing and operations phase
that will allow the Agency to spend more of its limited
resources on the scientific exploration that launch vehicles
empower. The desired goal is to dramatically reduce the
cost of owning and operating the Agency's next-generation
space fleet, as directed in the Constellation Program's
Architecture Requirements Document. This paper will
describe some of those business practices and the progress
being made toward the mission.
2. TECHNICAL PROGRESS
Trade Studies and Evaluations
The ESAS provided a starting point for the Ares launch
vehicles, narrowing down literally hundreds of possible
vehicle configurations to six or seven, as seen in Tables 1
and 2. However, this was just the beginning of systems
engineering trade studies regarding the requirements for a
long-term, sustainable exploration strategy.
After examining the costs of modifying the Space Shuttle
Main Engine (SSME) to restart in orbit, the Ares team
determined that it was less difficult and less expensive to
use an upgraded version of the J-2 upper stage engine from
the Saturn V S-II and S-IVB stages, called the J-2X [2].
Because of the power difference between SSME and J-2X,
the Ares I went to a five-segment Reusable Solid Rocket
Booster (RSRB) for the first stage [3]. This change also was
advantageous because the ESAS recommended using an
advanced version of the J-2 for the Earth departure stage
and two five-segment RSRBs for the Ares V. As a further
development cost savings, and to meet the necessary
payload requirements, the five SSMEs on the Ares V core
stage were replaced with five commercial RS-68 engines
from the Delta IV Evolved Expendable Launch Vehicle
(EELV) program. These changes reduced technical.
schedule, and financial risks for APO by reducing the
number of propulsion systems as well as the amount of new
development work that needed to be done.
Table 1. Crew launch vehicle concepts investigated during ESAS. The highlighted column indicates the configuration
that most closely resembles the current Ares I. The ESAS study originally recommended the 4-Segment RSRB with 1
SSME.
Feet
300
200
100
Payload
(28.5°)
Payload
(51.6°)
LOM
(mean)
LOC
(mean)
Human-
Human-Rated
Atlas VlNew
US
30 mT
27 nat
1 in 149
1 in.957
Rated
Delta IV/New
US
28 nat
23 mT
1 in 172
1 in 1,100
Atlas
Phase 2
(5.4-m Core)
26mT
25 mT
1 in 134
1 in 939
Atlas Phase
X (8-m Core)
70 mT
67roT
1 in79
1 in 614
4 Segment 5 Segment
RSRB with RSRB with
1 SSME 1 J-2S
25 mT 26 mT
23 mT 24 mT
1 in 460
1 in 2,021
1 in 433
1 in 1,918
5 Segment
RSRB with
4 LR-85
27 mT
25 mT
1 in 182
1 in 1,429
Table 2. Cargo Launch Vehicle concept comparisons. The highlighted column depicts the "1.5 launch" concept that
most closely resembles the current launch architecture. As noted for Table 1, the ESAS originally recommended using
a four-segment RSRB for the crew launch vehicle.
Feet
300
200
100
Payload
(28.5 °)
LOM (mean)
LOC (mean)
5 Segment
RSRB In- Atlas PhaseLine with 5
SSME Core - X (8 m Core)
Cargo
106 mT
(125 mT 95 naT
w/upper
• stage)
1 in 124 1 in 71
1 in 2,021 1 in 536
Atlas Phase
3A (5.4 m
Core)
94 mT
1 in 88
1 in 612
5 Segment
RSRB In-
Line with 4
SSME Core
97 mT
1 in 133
1 in 915
4 Segment
RSRB In-
Line with 3
SSME Core
74 mT
1 in 176
1 in 1,170
Cargo Only
(Requires an additional
CLV flight per mission)
5 Segment
RSRB 4 Segment
Side- RSRB Side-
mount mount with
with 3 3 SSME
SSME
80 mT 67 mT
1 in 172 1 in 173
N/A N/A
Testing Strategy
Like the Apollo-Saturn program, the Ares launch vehicles
will undergo a series of development; verification, and
orbital flight tests as well as static ground tests before the
first humans are sent into orbit in Orion aboard Ares I in
2013 and regular missions to the International Space Station
(ISS) begin in 2015.
NASA has learned through experience that it can reduce
operating costs through early, incremental, and thorough
testing of its launch vehicles. This "test as you fly" strategy
incorporates best practices from systems engineering as well
as lessons learned. To fly humans safely aboard a launch
vehicle requires a variety of methodologies to reduce
technical, schedule, and cost risks.
Ares V will begin testing in 2018, with the first lunar
mission occurring in the 2020 timeframe. The first Ares I
flight test, Ares I-X, will occur in April 2009 and will test
NASA's ability to control a vehicle with a similar size and
shape, as shown in Figure 3.
Figure 3 - Ares I-X flight test vehicle elements.
The Ares I-X mission will be a suborbital development
flight test. It will give APO its first opportunity to gather
critical data about the flight dynamics of the integrated
launch vehicle stack, understand how to control its roll
during flight, better characterize the severe stage separation
environments the upper stage engine will experience during
future flights, and demonstrate the first stage recovery
system. NASA also will begin to modify the launch
infrastructure and to develop procedures for Ares ground
and mission operations, as the agency makes the transition
from the Shuttle to the Ares/Orion system. The flight
manifest includes two suborbital demonstrations, which will
be supplemented by at least two orbital verification tests and
one automated mission flight before the first crewed flight
to ISS in 2015.
The Ares I-X flight test vehicle will incorporate a mix of
flight and mockup hardware, reflecting a configuration
similar in mass and weight to the operational vehicle. It will
be powered by a four-segment reusable solid rocket booster
(RSRB) currently in Shuttle inventory, and will be modified
to include a fifth, inert segment that makes it approximately
the same size and weight as the five-segment RSRB. The
Ares I-X flight profile will closely approximate the flight
conditions that the Ares I will experience through Mach 4.5,
at an altitude of about 130,000 feet and through maximum
dynamic pressure ("Max Q"), which is approximately 800
pounds per square foot. To maintain a constant attitude
throughout flight, the vehicle will include an active Roll
Control System (RoCS), which also will measure the
amount of roll torque generated during flight. The flight will
aid the timing of first stage burnout, first stage separation,
and upper stage ignition, which should occur around 130
seconds into flight.
With a launch date in April 2009, Ares I-X is on a success-
oriented development and production schedule. The Ares I-
X Mission Management Office has already conducted a
Preliminary Design Review (PDR) and has a Critical Design
Review (CDR) scheduled for February 2008. Due to the
aggressive schedule, some elements of the Ares I-X Flight
Test Vehicle (FTV) are already being fabricated.
First Stage--Because the Ares I-X team has access to a
RSRB already in the Shuttle inventory, it can concentrate on
developing the new forward structures that will be needed to
connect the first stage to the simulated upper stage. These
structures--the inert fifth segment, forward skirt, forward
skirt extension, frustum, and interstage--will include new
avionics, new parachutes, the Roll Control System (RoCS),
and the first stage separation system.
Fabrication of the forward structures is already under way;
these will be "battleship" models for durability. However,
the additional structural weight, which is also a concern on
the Ares I operational vehicle, has caused the team to move
the booster deceleration motors (BDMs) from the interstage
to the aft skirt. This change ensures that the motor will pull
away from the upper stage without striking or damaging the
upper stage engine on future flights.
Recovery System--The drogue parachutes and main
parachutes, which are much larger than the parachutes used
for the Space Shuttle RSRBs, have been drop-tested
successfully at Yuma Proving Grounds. These parachutes
must be larger and stronger to accommodate the much larger
and heavier booster.
RoCS--The RoCS, which will help the vehicle maintain a
constant attitude during flight, will consist of two engines
originally used on Peacekeeper missiles. These engines have
been duty cycle tested at White Sands Test Facility to
ensure that they can handle the anticipated operational cycle
on Ares I-X, as seen in Figure 4. Additional engines will be
sent to Kennedy Space Center (KSC) to test tanking and
detanking procedures for its hypergolic propellants
(monomethyl hydrazine and nitrogen tetroxide). The RoCS
CDR will occur October-November 2007.
2X, which is to be tested on the A-1 Test Stand at SSC in
November 2007, as shown in Figure 5. The actual J-2X
powerpack - the main power-generating and pumping
components of an engine - will consist of a gas generator,
turbopumps, valves, and connecting feed lines and ducts.
The turbopumps will pressurize liquid hydrogen fuel and
liquid oxygen to characterize the heritage J-2S turbopump
and inlet duct design performance as a starting point for
making modifications needed for the J-2X engine. The gas
generator will drive the fuel and oxidizer turbopumps. Test
stand lines, ducts and valves will provide simulated inlet
and outlet conditions on the pumps that would be present
during a full-up engine hot-fire test.
Figure 4 - A Peacekeeper Axial Engine is tested for use
on the Ares I-X test flight.
Upper Stage Simulator--Glenn Research Center (GRC) has
the job of building the Upper Stage Simulator (USS) for
Ares I-X. Because of limited work space and the need to
transport the USS by barge from Ohio to KSC, the USS is
being built in a series of "tuna can" segments, which will be
stacked in super-segments at GRC before being shipped to
KSC for final integration. Because Ares I-X is so much
taller than the Space Shuttle and there will not be time to
modify Launch Complex 39B for Ares hardware, the tuna-
can segments will each include stairwells and work
platforms on the inside to assure crew access to avionics and
other internal hardware. GRC performed a stacking
demonstration of its two pathfinder segments in September
2007. Flight hardware is due to begin construction in
October 2007.
Ares I Hardware Testing
In addition to work being done on Ares I=X, ground testing
of components continues on the operational ("mainline")
Ares I crew launch vehicle. The element on the critical path
for Ares development is the J-2X Upper Stage Engine.
Other work has included construction of a new J-2X test
stand at Stennis Space Center (SSC); refinements and wind
tunnel testing of Ares Launch Abort System (ALAS); and
trade studies and fabrication for new hardware for the Ares I
five-segment RSRB.
J-2X Upper Stage Engine--The Upper Stage Engine
element team has assembled a powerpack version of the J-
Figure 5 - The J-2X Powerpack is prepared for testing at
Stennis Space Center.
In addition to the sea-level testing being performed at A-1,
the new A-3 test stand, shown in Figure 6, will provide an
environment to test the J-2X at simulated higher altitudes.
The A-3 stand will be placed close to SSC's channel for
easy access to barges bound for the Michoud Assembly
Facility and KSC. Groundbreaking began in August 2007;
the stand is due to be active by 2010.
Figure 6 - The altitude-simulating A-3 Test Stand will
stand over 200 feet tall and will have easy access to the
Gulf of Mexico.
Ares Launch Abort System--The Ares I crew launch vehicle
has undergone over 4,000 hours' worth of wind tunnel tests
to verifythesafetyandperformanceof itsoutermoldline(OML),includingaerodynamicshapesandprotuberances.
Figure 7 - A variety of aerodynamic designs are being
tested in wind tunnels to define and minimize
aerodynamic loads on the Orion crew module.
3. PROGRAMMATIC PROGRESS
Project Reviews
Ares I completed its System Requirements Review (SRR) in
late 2006. The SRR helped finalize the overall functionality
of Ares I, based on requirements flowed down from the
Constellation Program. This review ensured that Ares I's
capabilities would match the needs of the Orion crew
exploration vehicle. The System Definition Review (SDR),
which kicked off in September 2007 and is scheduled to be
completed in October 2007, will take an overall look at how
Ares I should be engineered to meet the tasks established in
the SRR. From SRR the APO will begin work on the
vehicle Preliminary Design Review (PDR) in 2008, which
will ensure that the design anticipated by the SDR will meet
the final mission needs. Ares I's Critical Design Review
(CDR) will not occur until 2009 and will incorporate
lessons learned from the Ares I-X flight test.
So far, the Ares I vehicle design and development is
progressing on schedule. There have been few surprises or
major design challenges arising from the various reviews.
The reviews are still proceeding at a pace that will support
an initial operating capability no later than 2015.
Incorporating Best Practices
While making steady technical progress, APO is also
concerned about improving its business processes by
incorporating best practices from private industry. One of
Ares' primary performance metrics is to substantially reduce
the per-flight cost of space operations, enabling the agency
to concentrate more of its resources on exploration. In
addition to this goal, the agency seeks to become a better
steward of taxpayer dollars. Among the tools APO is using
to manage Ares are team and meeting norms, Earned Value
Management (EVM), and Lean Six Sigma.
Team and Meeting Norms--A common and often neglected
management practice is setting behavioral expectations and
norms. Especially in light of the Columbia Accident
Investigation Board (CAIB) Report, which criticized the
agency for its internal culture [4], the Ares team made a
conscious effort to establish team norms up front. These
norms, include teamwork, integrity, constant
communication, constructive feedback, and accountability.
Accompanying these team norms are meeting norms,
including starting and ending on time, having a reasonable
agenda, and valuing the impact of all attendees. These
behaviors were established to ensure that managers and
other teammates use their time effectively and positively.
Earned Value Management--NASA has been one of the
government agencies to pioneer the use of EVM to track its
costs, schedules, and technical milestones. By tracking
budget, actual cost, and work completed over time, APO has
been able to monitor contractor performance and address
cost or schedule problems before they become serious
concerns.
Lean Six Sigma-- The Constellation Program was designed
to return human beings to the Moon in preparation for the
first human footprints on Mars--and to do so within
NASA's existing budget. This program philosophy demands
reduced costs to enable NASA to spend less money on
human spaceflight operations and more on actual
exploration activities. To meet this live-within-its-means
object,ive, the Agency i,s instituting industry best practices
like Lean Six Sigma in an effort to reduce costs and
increase efficiency in the post-Shuttle era.
Lean Six Sigma is a combination of two well-known
business improvement disciplines: Lean Manufacturing and
Six Sigma. Lean processes emphasize reducing the overall
cost of doing business and improving the value stream [5].
Six Sigma is a quality improvement process, designed to
reduce incidences of defects in manufacturing processes [6].
Lean Six Sigma, then, seeks to reduce waste in business
processes while improving technical quality [4]. APO has
been applying Lean thinking to many of its activities,
including the Ares I-X flight test.
The Ares I-X team had been facing organizational conflicts
regarding appropriate levels of risk and experiencing delays
in getting design decisions made and approved. One way to
address these challenges was to unify the Ares I-X team
under one project manager reporting to the CxP Office and
to reduce the amount of bureaucracy. To this end, the Ares
I-X test flight organization will be made a separate Mission
Management Office (MMO) under Constellation, with both
the Flight Test Vehicle (FTV) and Ground Operations (GO)
elements reporting to a single Mission Manager. Further, to
reduce decision-making and approval times, the Ares I-X
Mission will reduce its number of independent review
boards from 10 to 4. These organizational changes are
necessaryif AresI-X isgoingtoreactquicklyandachieve
itsApril2009launchdate.
Followingthedecisiontoestablisht eAresI-XMMO,the
teamhelda seriesof meetingsto applyLeanpracticesto
theirhardwaredevelopmentprocesses.Thegoalof this
leanereffortwasto add60daysof additionalmargininto
theoverallflight test schedule---essentiallymakingthe
schedulemoreaggressivebymanagingtotheearlierlaunch
dateratherthanfaceslipsthatwouldpushthelaunchdate
pastApril2009.
Whenall of theseeventswerecompleted,eachof the
elementswasableto restructureitsprocessestomeeta60-
dayscheduleshiftto theleft. Thenextstepswill be to
implementthechangesrecommendedin theLeanevents
andre-baselinethescheduletomatchthenewplans.
LeaneventshavealsobeenconductedforthemainlineAres
vehicle. Some sample results include:
• Streamlining boards/panels approval process:
reduced from 5 to 2 the number of board approval
steps within Ares
• Design reviews process: 39% reduction in time to
conduct design reviews
• Time for risk approval: 66% reduction in the time
to evaluate and approve a candidate risk through
the risk management system
• Trade studies: 50% reduction in the number of
steps to conduct formal trade studies - from idea to
decision
• Task description sheet (TDS) development for
ADAC cycles: from 3% to 80% automation
Results like these ensure that less time is spent on waste and
more time is applied toward value-added work.
CONCLUSION
This is an exciting time to be at NASA. As the agency
transitions from one generation of space hardware to the
next, we face an ambitious amount of work. While finishing
the ISS and winding down the Space Shuttle operations, we
are also designing and building an entirely new space
exploration architecture for not much more than NASA's
previously existing budget. The work we are doing today
and will do tomorrow promises to be exciting for the agency
and for the nation as a whole. As we move closer to once
again placing human footprints on the Moon, we will
continue to require our nation's best and brightest
individuals to design the tools and technologies we will
need to achieve this bold mission. And, as always, we will
be looking for ways to apply the things we learn and the
things we do to Earth-based concerns. For instance, the U.S.
strategy to:scientifically explore space will fuel innovations
such as solar power and water recycling, as well as yield
new knowledge that directly benefits life on Earth. Ares I
and V are keys to opening the space frontier for further and
greater peaceful endeavors.
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